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Production of heterologous proteins in plants and plant cells 



Field of the invention 

The present invention is in the field of recombinant DNA 
technology, more in particular recombinant DNA technology 
5 concerning the genetic manipulation of plants and is related to 
a process for the production of proteins or polypeptides using 
genetically manipulated plants or plant cells, as well as to the 
genetically manipulated plants and plant cells per se (including 
parts of the genetically manipulated plants), the heterologous 
10 protein material (e.g. a protein, polypeptide and the like) 

whici. is produced with the aid of these genetically manipulated 
plants or plant cells, and the recombinant polynucleotides (DNA 
or RNA) that are used for the genetic manipulation. 

15 State of the art 

One of the results of biotechnology is the development of 
new production methods for proteins. In virtue of this, it is 
possible to accomplish that, on a preparative scale, 

20 microorganisms containing recombinant DNA produce proteins which 
these microorganisms naturally do not synthesize, or naturally 
do not synthesize in those quantitities . Recent examples are in* 
particular insulin, various interferon types and human growth 
hormone that are produced in commercial quantities by, among 

25 others, bacteria and yeast cells. 

Characteristic for these examples is the fact that this 
often concerns rela; vely simple polypeptides that do not 
require co- or post-translational processing within the cell, to 
ot';ain their final form and biological function. For a large 

30 number of more complex proteins of higher organisms, such a 
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processing is of concern for the functioning of those proteins 
For example, they need to be correctly glycosylated or undergo a 
membrane passage during which signal peptides are split off from 
a precursor ( 'precursor-protein •) . In prokaryotic microorganisms 
this is not possible, due to which higher organisms such as 
fungi have to be used. 

Proteins synthesized on the rough endoplasmatic reticulum 
(ER) are excreted by the eukaryotic cell or stored at specific 
locations in the excretion route like the ER, Golgi complex, 
plasma membrane or vacuole/lysosome (Pfeffer & Rothman, 1987) . 
The choice of the excretion route is determined by the presence 
of a hydrophobic, amino-terminal signal peptide that is cleaved 
off from the precursor-protein. Examples of this are signal 
peptides for invert ase (Carlston & Botstein, 1982) or a-f actor 
(Herskowitz & Oshima, 1982) that cause the respective mature 
protein products to reach the periplasmic space. Recently it was 
shown that signal peptides can also be used to achieve excretion 
of human proteins by yeast cells, although in that case 
processing is not complete (Stetler at ai., 1989) . 

From the experiments with the synthesis of animal proteins 
" fUn9i ' Lt a PP ea "d that the use of fungal signal peptides 
gives mor, efficient processing and excretion than animal signal 
peptides, which means that a signal peptide, derived from the 
fungus which is acting as host, is functioning better (Kingsman 
£tai., 1987; Harkki at ai. , 1989). 

For the transport to the lysosomes in mammals (Kornfeld 
1987), or vacuoles in yeast ( Johns son at ai. , 1987) and plant' 
cells (Dorel at al., 1989) additional information is required 
that is located in part of the sequence of the mature protein 
30 itself. 

The knowledge of signal peptides for the excretion by plant 
cells is still very limited (Della-Cioppa at ai., 1987). Such 
signal peptides have only been described for 2 extensins from 
carrot (Chen & Varner, 1985) and tobacco (memelink, 1988), as 
35 well as for three pathogenesis-related (PR) proteins from 

tobacco (Hooft van Huijsduijnen atal., 1985; Cornelissen at 
al., 1986); De Loose at ai., 1988). From this small number of 
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signal peptides no consensus has been obtained on the 
characteristics of cleavage- or recognition-sites. Neither has 
it become clear whether proteins, that are foreign to the plant, 
can be excreted by plant cells, nor if the processing of the 
5 signal peptide occurs correctly when a fusion construct between 
a plant signal peptide and a heterologous protein would be used. 

It has nevertheless been shown that plants are also a 
candidate as a production system for heterologous proteins. 
However, till now only the production of non-complex proteins in 

10 plants has been shown (Goodman fit al. , 1987; Misra, 1989). 

EP-A-0 255 153 describes the isolation and identification 
of a gene encoding a pre-pro form of an alpha-galactosidase from 
guar seed. Said gene may be expressed by other plants, such i -t 
tobacco plants. It is concluded from Western blotting results, 

15 mobility determinations and observation of alpha-galactosidase 
activity in culture supernatants that the pre-pro form of alpha- 
galactosidase, as encoded by the transferred gene, is secreted 
and correctly processed to the mature form when expressed by 
tobacco callus. 

20 This reference teaches that a plant gene, if transferred as 

a whole, including its own pre-pro sequences, into another plant 
species, may be expressed, secreted and correctly processed 
therein. It does not teach, however, whether less related genes, 
such as genes of animal or human origin, may be expressed, 

25 secreted and correctly processed in plants. 

The expression of a heterologous gene :.n plant cells is 
disclosed in EP-A-0 270 248, which describes a DNA construct 
comprising a downstream coding sequence preceded by an upstream 
base sequence. The downstream coding sequence codes for a 

30 protein which is desired to be transported u a plant cell wall. 
The bacterial beta-glucuronidase gene is used as a model gene, 
because its expression can be directly detected. The upstream 
base sequence codes for a cell wall targeting protein consisting 
of the leader sequence (or part of it) of the polygalacturonase 

35 precursor. Said polygalacturonase (PG) is an enzyme of plant 
origin which is involved in the ripening of climacteric fruit. 
Two kinds of DNA constructs are disclosed in this reference: one 
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pstrea" J" °' * S « «» 

of thHo leLe eqUenCe ' ° th " C ° nSCrUCt °^ a part 

5 lis 22 La " d * r ,~ q — e « " th * »ase sequence; the 

last 22 codons of the P G leader sequence are .issin,. 

secreted 21™ *" * Sh °" " heth " i- 
secreted and processed correctlv i » 

v-uitcttiy, i.e. cleaved at the corrprt- 

10 pro! " * ° CCUr ' ^ U dOM «* — "kely that the 

10 processing will b e fully correct. 

The use of an .upstream base sequence encoding a signal 
Peptide of plant origin for obtalnlng J ' ^ 

=ore y TTT^rr is u -~* - " 

15 , , U - Bloche "»- S»PP1. 13D, 27 March - 

whether the fusion protein is secreted and correctly processed 
bait rt TT"' ° f ™ A COnStrU " S - " hi< * comprise 

— xt is ZtZ^ZTllTZ ^ 
» -d to regulate in plants the secretion 7n e " ^ " 

cognation of mature sequent a nd Z.T ^ 

,o nr: ~ «- - ^ «^7zri^ 

the wildtype protein. A correct c « ! « 
o,the a mi „o acid sequences ~ ^ «~ 

Therefore, this reference does not show that nor s 
5 Processing of .„i M i and human protelns / ; ^ ^' 

obtained in plants. ' uld be 
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EP-A-0 091 527 discloses the production of HSA-like 
pep 4 / -.des in as a host. Although it is suggested that 

other host organisms may be used, including other bacteria, 
yeasts, fungi, animal and plant hosts, it is also expressly 
5 stated therein that "hosts may lack the appropriate enzymes 

which may be required to transform the host-produced polypeptide 
to the structure and substitution of natural HSA" . This 
reference also suggests quite generally tha+- the HSA gene may be 
combined with various signal sequences, both prokaryotic and 

10 eukaryotic, as to permit secretion of the HSA from the cells of 
the transformed host. Instead of giving details and experimental 
evidence, however, a reference is made to Villa-Komarof f al. * 
"A bacterial Clone synthesizing Proinsulin", P.N.A.S. USA 75, 
1978, pp. 3727-3731, and to Talmadge £t jSlL. , "Eukaryotic Signal 

15 Sequence Transports Insulin Antigen in Escherichia coli y 

P.N.A.S. USA 77, 1980, pp. 3^69-3373. These references do not 
disclose any methods of producing excreted and/or correc. y 
processed animal proteins in a plant host, however. 

Therefore, it is still unclear whether plrnts or piant 

20 cells are suited for the expression of heterologous proteins 
that require co- or post-translational processing. 

Description of the invention 

25 According ;o the invention it was found that a 

heterologous, ror example non-plant, protein can be excreted by 
transgenic plant cells using a plant signal peptide. The protein 
human serum albumine (HSA) has been selected as an example of a 
protein that during excretion requires a complex in vivo 

30 processing. HSA is the main component of blood plasma. It is a 
protein of 585 amino acids when it is fully processed, it 
contains 17 disulfide bridges (Bherens al-, 1975) . In order 
to obtain processing, a passage across a cell memb.ane must take 
place, during which a signal peptide is cleaved off and the 

35 protein can obtain its proper folding. Proteins that are 

excreted by their natural host are supposed not to fold or to 
fold incorrectly when they are synthesised intracellularly . 
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Excretion is a prerequisite to establish the correct folding of 
the disulfide bridges. 

Till now, HSA is purified from blood-plasma according to a 
conventional method. The protein is being used in quantities in 
the order of grams for the replacement of blood in cases of 
trauma and several clinical situations. For a couple of reasons 
the production of HSA in a recombinant host is very attractive 
in the first place to eliminate the risk of spreading infectious 
peases (like AIDS and hepatitis, during HSA-treatment and in 
the second place to reduce the dependance on available blood 
The protein HSA is synthesised intracellular^ in ^ l 

iffllx (Latta ^ a!., 1987) and a i ao . expressed and excreted in 
BBCUlua aahtllla. (Saunders and Guyer, 1987). Excretion of HSA 
has been proven in transgenic yeast cells of s^h.^-. 
cerammr (Etcheverry £t al., 1986). 

According to the invention plant signal peptides are used, 
« particular those obtained from PR-proteins, in fusion 
constructs with especially non-plant proteins for the production 
of extracellular proteins in plants or plant cell cultures. As 
an example of a useful plant signal peptide, a signal peptide 
was used derived from the thaumatin-like PR-protein, encoded by 
PROB12 from tobacco (Corneli ssen 1986), coding for a hydr ohobic 
N-terminal peptide of 24 amino acids. 

According to the invention a plant signal peptide can be 
2 5 used for the following goals: 

a) production in plants or plant cells of proteins that 
require processing for their physiological action (for instance 
human serum albumine) , 

b) production in plants or plant cells of proteins that 
require excretion for economical or process-technical reasons 
(for example for the cheap isolation from the culture medium of 
the suspension cells) , 

c) production of proteins that need to have their function in 
the extracellular space (for example for the introduction of 
genes coding for proteins that provide the plant with resistance 
agaanst. pathogens that invade via the extracellular spaces or 
colonize said spaces) . 
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On behalf of the production of recombinant proteins the 
final choice of the production organisms will depend on economic 
parameters such as the culturing, growth and purification costs. 
Till now plants have not been used for the production of 
proteins, although they represent a cheap source of biomass. 
Production of heterologous proteins in plants cai. be a cheap 
alternative to the use of microorganisms, especially in those 
cases where the extraction of the protein can be fitted into an 
existing industrial process. The costs of growing modified 
plants are low in comparison with the costs of fermentation oi 
microorganisms or animal cell cultures, and even neglectable, 
when the plant is already used for the production of bulk 
vegetable substances. The starch industry (maize, tapioca, 
potato, cassava) is particularly suitable for co-production of 
15 heterologous proteins, because the first steps of the existing 
procedure of the starch extraction do not involve denaturing 
conditions. The protein fraction is held in solution in the 
extracted cell juice at low temperatures. This protein-rich 
juice stream is a waste product of the starch industry and is, 
20 especially for environmental reasons, only processed to animal 
fodder. To introduce a protein-purification step, the starch 
extraction process requires no, or hardly any, modification; 
consequently, due to the introduction of coTJtiercially 
interesting, heterologous proteins in this juice stream a very 
25 cheap source of such proteins is obtained. In addition, this 
preferred embodiment of the invention augments the economic 
value of the waste stream. Obviously, for proteins with a high 
economic value, a similar production method can be applied on a 
smaller scale and starch production be of secondary importance.- 

In a broad sense, the invention thus provides a process for 
the production in a plant host of heterologous protein material 
which is to be excreted from the cells in which it is produced, 
by growing plants or plant cells that, by means of genetic 
maaipulation, optionally of an ancestor, using a recombinant 
35 polynucleotide, have been provided with the genetic information 
which is required to allow the plant host to express the 
heterologous protein material and excrete it from the cells in 
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The .words 'optionally of an ancestor 1 refer to the fact 
that plants are living beings, which implies that the genetic 
information required for production of the heterologous protein 
material, introduced into the first transgenic plants or plant 
5 cells, e.g. the first generation of the manipulated plants, may 
also be present in the progeny. Obviously, also these and later 
generations of the transgenic plants and plant cells may be used 
for the production of heterologous protein material. 

The words 'recombinant polynucleotide' indicate DNA and RNA 

10 constructs that are the result of techniques as such known in 
recombinant DNA technology. Presently, most transformation 
methods are based on the use of recombinant DNA, for example in 
the form of plasmids, so that the recombinant polynucleotide to 
be used preferably consists of recombinant DNA, but the 

15 invention is not limited thereto and, consequently, also covers 
methods of genetic manipulation in which recombinant RNA is put 
into practice. 

The expression 'expression cassette' is conventional and 
refers to a combination of regulatory elements that are required 

20 by the host for the correct transcription and translation 
(expression) of the genetic information contained in the 
expression cassette. These regulatory elements comprise a 
suitable (i.e. functional in the selected hose) transcription 
promoter an. a suitable transcription termination sequence. 

25 As was mentioned before, according to the invention it is 

preferred, that the genetic information introduced into the 
plant host comprises an expression cassette that is functional 
in the host and contains a gene construct comprising a gene 
encoding the mature protein material and, directly precedin~ it, 

30 genetic information coding for a plant signal peptide that -.3 
functional in the host and is derived from the pathogenesis- 
» related protein PROB12. This plant signal peptide proved in 

different plant species to accomplish a correct excretion from 
the cell, a correct cleavage of the signal peptide and a correct 

35 folding of the mature protein material. 

With respect to the nature of the host, the invention, in 
principle, does not impose any limitations other than practical 
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limitations of temporary character, related to the fact that 
methods for the transformation of certain plant species have not 
been developed yet . In a very special preferred embodiment of 
the invention a plant that is suitable for the production of 
starch is used as a host, m relation to this, one should think 
in the first place of plants selected from the group consisting 
of potato, maize, and cassava. According to the invention it is 
especially preferred, that the plant host used is a potato 
variety suitable for industrial starch production and that its 
tubers are used for both the extraction of starch and the 
production of the heterologous protein material. 

According to the invention, it is also possible to use 
Plant cells in suspension culture as the plant host. Plant cell 
suspension cultures are known ^ According to the invention 
it is very useful to use a suspension culture of plant cells of 
the plant species tobacco as the plant host. 

In the experimental part some specific Examples according 
to the invention are given. These Examples are 1, a process for 
the production of human. serum albumine by growing potato plants 
that, by means of genetic manipulation, optionally of an 
ancestor, using a recombinant polynucleotide, have been provided 
wxth the genetic information required to allow expression and 
correct post-translational processing of the human serum 
albumine by the potato plants, the genetic information 
introduced into the potato comprising an expression cassette 
that is functional in the potato and contains at least a gene 
coding for human serum albumine, directly preceded by genetic 
information coding for a plant signal peptide that is functional 
m the potato and is derived from the pathogenesis-related 
protein PROB12, and extracting the human serum albumine produced 
from the genetically manipulated potato tubers, and 2) a process 
for the production of human serum albumine by growing in 
suspension cells of the plant species tobacco that, by means of 
genetic manipulation, optionally of an ancestor, using a 
recombinant polynucleotide, have been provided with the genetic 
information required to allow the suspended tobacco cells to 
express and correctly post-translationally process the human 



BNSOOCIO: <WO 9t02066Al_l. 



WO 91/02066 

r 



PCT/NL90/00108 



serum albumine, the introduced genetic information comprising an 
expression cassette suitable for expression in tobacco and 
containing at least a ^ene coding for mature human serum 
albumine, directly preceded "by genetic information encoding a 
5 plant signal peptide that is functional in tobacco and is 
derived from the pathogenesis-related protein PROB12, and 
extracting from the culture medium the human serum albumine 
produced by the genetically manipulated, suspended tobacco 
cells . 

10 More in particular, the experimental part shows, that cells 

derived from potato or tobacco plants have been transformed 
using a vector containing a marker gene for kanamycin selection, 
as well as a gene coding for human serum albumin {USA) , preceded 
by either the natural HSA signal sequence (for comparison) , or 

15 the signal sequence of a plant pathogenesis-related protein. 
Also, electroporation experiments were carried out on 
protoplasts of tobacco plants. These experiments aimed at 
obtaining an excretion of HSA across the plasma membrane of the 
transgenic plant cells. During the excretion process, the HSA 

20 protein is modified to a form in which the protein obtains its 
physiological function. 

After transformation, expression has been demonstrated in 
all the investigated plant parts (potato: leafs, stem, stalks 
and tubers, the latter both fresh as well as after 2 weeks of 

25 storage at 4°C as is usual with industrial potato's; tobacco: 
leafs, callus and suspension cells) . Excretion of HSA by 
transgenic cells was proven with three methods : 

a) after electroporation of tobacco protoplasts with chimaeric 
HSA-gene constr-rts, HSA could specifically be detected in the 

30 culture medium using Western blotting. In extracts of the 
transgenic tobacco protoplasts no HSA could be detected. 

b) callus (undifferentiated cell material) was derived from HSA- 
transgenic tobacco plants. With this callus a suspension culture 
was set up. In extracts of tobacco suspension cells no HSA 

35 protein could be detected. 

c) After transformation of potato with the constructs mentioned 
above and after regeneration of adult potato plants, HSA could 
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be detected with high specific concentration in the 
extracellular fluid isolated from transgenic leaf material. The 
extraction of extracellular fluid from leaf material was 
monitored using cellular and extracellular marker enzymes. With 
all three test methods mentioned above (a, b & c) it appeared, 
that both the human and the plant signal peptide can lead to 
excretion of HSA. However, it appeared from amino acid analyses 
of HSA isolated from transgenic plants that only the plant 
•signal peptide resulted in a correct processing (i.e. removal of 
the signal peptide at the right cleavage site) . 

The functioning of the heterologous constructs as described 
in the experimental part proves that a signal peptide of a PR- 
protein can establish excretion and correct processing of 
heterologous proteins to the extracellular space. 

Description of the figures 



Fig.l. A survey map of the constructs that were used for the 
chimaeric HSA-genes. On the schematic restriction maps are 
indicated, from left to right: the enhancer and promoter (2 open 
boxes), ALMV leader (thick line), signal sequence (dotted box), 
structural HSA gene (black box) and nos terminator (thin line) . 
The restriction sites are indicated by one-character codes. 
Fig. 2 Schematic outline of the construction of plasmid 
25 pMOGlS. The different plasmids are not depicted in proportion. 
Fig. 3 Schematic outline of the construction of plasmid 
PMOG36. The different plasmids are not depicted in proportion. 
Fig. 4 Schematic outline of the construction of plasmid 
PMOG49 and pMOGSO . The different plasmids are not depicted in 
proportion. The sequence in the box, which codes for an alanine- 
residue, has been used for the construction of pMOG48. 
Fig^5 Schematic outline of the construction of plasmid 

The different plasmids are not depicted in proportion. 



PMOG85 
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Experiments 

I Construction of chimaeric HSA-genes for the expression in 
plants 

5 

For the expression of the human gene for serum albumin 
(HSA) the following regulatory sequences were used; 

1) The constitutive 35S promoter derived from the cauliflower 
mosaic virus (CaMV, Guilley £L &!•/ 1982), equipped with a 

10 double enhancer for optimal gene-expression, 

2) The transcription-termination sequence derived from the 
gene coding for nopaline synthase (nos) of the pTiC58 plasmid 
from Agrobacr.erinm rnttifif a'riftns (Bevan, 1984) . 

3) The 5 ! leader sequence of the alfalfa mcsaic virus (ALMV, 
15 Brederode fiLal., 1980) for stabilisation of the chimaeric 

messenger RNA. A fusion was made between the leader sequence and 
the sequences coding for the HSA (fig.l) . An overview map of the 
four constructs used is given in figure 1. 

The construction of the different plasmids via standard 

20 recombinant DNA-techniques (Maniatis fi£.al., 1982) started from 
pMOG18 (fig. 2) . This plasmid is derived from £. noli vector 
pUC18 (Yanisch-Perron fiJLaJL., 1985), which contains in the 
polylinker the CaMV 35S promoter/enhancer, followed by the AMV 
leader sequence, the gene for p-glucuronidase (Sleat ££. 

25 1987) and the nos-terminator (Bevan, 1984) . This plasmid was 
derived as is indicated *n fig. 2. The expression-cassette, 
consisting of the CaMV fc 3 promoter and the nos-terminator was 
placed in plasmid pUC18 (=pMOG3) as EcoR l-Hindlll fragment 
(derived from plasmid pROKl; Baulcombe fit. 1986) , 

30 Subsequently, the 5 1 proximal region of the 35S promoter was 
removed by blunt-ending the fclsal-site in the promoter using 
Klenow polymerase, and reducing the length of the plasmid, via 
digestion with EcqRI and insertion of the E£&RI-linker, 
resulting in plasmid pMOG4 . The BamHI-Hindlll fragment from 

35 plasmid pM0G4 was replaced with a synthetic fragment containing 
the leader-sequence of the alfalfa mosaic virus (ALMV) . The 
indicated E££l-site in the synthetic fragment is located 
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directly downstream of the ALMV-leader and contains the ATG 

B^^t; 1 " 1 '"' 1011 COd0n ' ^ thS ° btained * lasroid *> M0G11 the 
BamHI-iLuxdlll-fragment with the nos-terminator was reinserted, 

resulting in plasmid pMOG12 . A gene coding for p-glucuronidase 
(derived from plasmid P RAJ275; Jefferson, 1987, „ as placed in 
plasmid P M0G12 as a Mcal-fiamHI fragment, resulting in plasmid 
PMOG14. Finally, the enhancer sequence of the 35S promoter, 
located on a AccI-EcaRV fragment from pMOG14, was isolated, 
blunt-ended with Klenow polymerase and placed in the blunt-ended 
ECQRI-site of pMOG14, which resulted in plasmid P M0G18 
containing a double enhancer sequence (fig. 2). 

The HSA-protein is naturally synthesized as a precursor 
(Judah fit al., 1973), in which the mature protein of 585 amino 
acids is preceded by a 'prepro '-peptide of 24 amino acids. The 
cloned preproHSA cDNA (Lawn ^ al., 1981) was used as starting 
material for the construction of pMOG36, in which the sequence 
coding for the HSA-protein is preceded by the human HSA-prepro- 
peptide (Lawn bJl al., 1981, . Also, the sequence coding for the 
mature HSA-protein was fused in two different ways to a signal 
peptide of plant origin (plasmids P MOG49 and pMOGSO, . Finally, a 
HSA-gene was made that did not contain a sequence coding for a 
signal peptide (plasmid pMOG85) . 



a) 



Construction of plasmid pMOG36, containing preproHSA 



As is indicated in fig. 3, the sequence coding for preproHSA 
was cloned as a ft* Ell-nui-f ragment . The restriction site for 
Hat E.II (GGTAACC, is located nine nucleotides behind the start 
codon of the HSA gene (Lawn eJL i 98 i, . Using stand ard 

techniques, a restriction site for £1*1 was created, 27 bp 
behind the TAA stopcodon of the HSA-gene by mutation of the 
sequence TACCAT to ATCGAT, using M13-vectors (Yanisch-Perron ^ 
al., 1985, . Due to this, the Bat EH-dai fragment had a size of 
1850 bp. A synthetic UCQl-fiamHI fragment of 29 bp was placed in 
PMOG18 in the resulting plasmid pMOG33, directly behind the ATG 
startcodon, the missing 9 nucleotides till the fiat Ell-site 
followed by a Clal-site, wer e present. In plasmid P MOG33 the 
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preproHSA gene was placed as is indicated in fig. 3, resulting in 
plasmid pMOG36. 

b) Construction of the plasmids pMOG4 9 and pMOGSO, containing 
5 a fusion of the PROB12 signal peptide to the mature HSA-protein 

The sequence coding for the mature HSA-protein was fused in 
two ways to the signal peptide of the PR-protein PROB12 from 
Samsun NN tobacco (Cornelissen fit fi±., 1986) . This plant signal 

10 peptide has a length of 25 amino acids and an Ala-Ala peptide 
binding constitutes the cleavage-site of the signal peptide and 
the mature PROB12 protein. The cleavage-site of the 24 amino 
acid prepro-sequence of HSA and the mature HSA is Arg-Asp (Lawn 
et al, 1981) . In the constructions presented here two different 

15 fusions were made between the pROB12 signal peptide and the 
mature HSA, viz. a fusion between the last amino acid of the 
PROB12 signal peptide and the start of the mature HSA (Ala-Asp) , 
and a fusion in which the mature HSA is preceded by the 
cleavage-sequence of the PR-protein (Ala-Ala-Asp, fig. 4). 

2.0 For the construction of plasmids pMOG4 9 and pMOGSO, on the 

9th and the 10th codon of the mature HSA the sequence CAT CGG T 
was mutagenised into CAT CGA T by mtans of standard procedures 
(Kunkel, 1985) using M13-vectors (Yanisch-Perron fit. al. , 1985). 
Concomitantly, a £JLaJ restriction site was created without 

25 changing the encoded protein (fig. 4); the correct mutagenesis 
was confirmed by sequence analysis. The fusion of the plant 
regulatory signals started from plasmid pMOG18, in which a 
synthetic Ncal-BamHI fragment of 80 bp was placed, which 
fragment codes for the signal peptide of PROB12, from the ATG 

30 start codon till the Sahl restriction-site that is located 

directly in front of the first Ala-residue of the cleavage-site 
(Cornelissen fit ai., 1986). In the resulting plasmid pMOG42, 
finally, two different synthetic li .:ers were placed, coding 
for, on uhe one hand, a Ala-Ala-Asp fusion with the mature HSA- 

35 gene till the created £lal restriction-site in the 9th and 10th 
codon of the mature protein, on the other hand for the 
corresponding Ala-Asp fusion. In the resulting plasmids p;40G48 
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and pMOG43, subsequently, the mutagenised HSA-gene was placed as 
£lal-fragment, resulting in the plasmids P MOG49 and pMOGSO, 
respectively. 

O Construction of plasmid pMOG85, containing mature HSA 

Using standard procedures (Kunkel, 1985) the HSA-gene was 
mutagenised in a M13-derived vector in such a way that in the 
coding sequence the first amino acid of the mature protein (Asp, 
was preceded by a N^i restriction-site, containing an ATG 
translation-start codon in the correct reading frame (fig. 5) 
The HSA-gene thus derived, including the Meal restriction-site, 
was checked on DNA-sequence and subsequently subcloned in 
Plasmid pMOGIS (fig.5). The NcQl-BamHI fragment, containing the 
C-terminal region of the HSA-gene, was isolated from piasmid 
PMOG50 and placed in vector pMOGIS, resulting in plasmid 
PMOG4HSA. The first 742 bp of the HSA-gene, including the 
created ATG startcodon, was placed in plasmid P M0G4HSA as a 
Seal-fragment . The resulting plasmid P MOG85 now contained the 
mature HSA-gene without the signal peptide sequence in the 
expression vector. 

The plasmids P MOG36, pMOG49, pMOGSO and pMOG85 contained 
now the HSA-gene to be introduced as a 3,0 kb Ec&l-UXuail 
restriction fragment. 



20 



25 



30 



35 



II 



Electroporation of tobacco protoplasts 



The isolation and electroporation of tobacco protoplasts 
( N l ™ flf,nf1 ******* cv - SR D ^s carried out according to 
Rodenburg ^ ^i. (1989) . For thft electroporation 5x10* 
protoplasts were suspended in 0.5 ml buffer, preincubated during 
10 m.nutes at 0'C in the presence of 40 ng/ml supercoiled DNA of 
one of the plasmids P MOG36, P MOG49, and P MOG50 and subsequently 
elect roporated at 300 V/cm and one pulse of 38 msec. After again 
10 mxnutes at 0»C, the cells were diluted in 5 volumes K3G 
medium and further grown in the dark at 20«C. The presence of 
the HSA-protein was tested as described in VI. 
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III Transformation of tobacco and induction of suspension cells 

For the introduction of gene-construes in plants, various 
techniques are available such as transformation with 
5 ftgrobactsrium tumefaciens or Aarohact-grinm rhi^ogpngs . micro- 
injection, particle bombardment , DNA-uptake in protoplasts, etc. 
The actual method of introduction of DNA is not critical with 
respect to the invention. For the transformation of tobacco, 
cocultivation of leaf-disks with Acrrobactfirinm tumefaciens was 

10 used according to the procedure of Horsch aJ.. (1985) , This 
method is based on the principle of the binary vector system 
(Hoekema qSl al., 1983), in which Aarobartpri nm strains are used 
that on the one hand contain a plasmid, on which the virulence 
(vir) genes are located and on the other hand, a plasmid 

15 compatible with it, that contains the gene to be introduced. The 
four relevant gene-constructs as they are present on the 
plasmids pMOG36, pMOG49, pMOGSO and pMOG85 were cloned in the 
binary vector pMBV4 . This vector can replicate both in £. roll 
and in Agrobactflrium, is derived from the binary vector Binl9 

20 (Bevan, 1984) and does not differ from it on points that are 
essential for the present invention. Vectors pMBV4 and Binl9 
contain between the left and the right border sequence of the T- 
DNA an identical chimaeric NPTII-gene encoding kanamycin- 
resistance (Bevan, 1984), as well as a so-called polylinker for 

25 the cloning of the construct to be integrated. The chimaeric 
HSA-genes located on the plasmids pMOG36, pMC~4 9, pMOGSO and 
pMOG85 were placed in the polylinker of the vector pMBV4 as a 
3.0 kb f^RI-Hindlll-fragment, after the vector was linearised 
with EcoRI and Hindi II. The binary plasmids thus obtained, 

30 respectively pMOG236, pMOG249, pMOG250 and pMOG285 were now, by 
means of mobilisation using the plasmid pRK 2013 (Ditta al - r 
1980), transferred to an Acrrobarterium strain, containing a 
plasmid carrying the vir-genes for the transfer of the T-DNA to 
the plant . 

35 Using the AcrrohacteHnm strains thus obtained, 

transformation of tobacco was carried out. Transgenic plants 
were regenerated from shoots that developed on selection-medium 
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(100 mg/1 kanamycin). The presence of HSA-protein was tested as 
described hereafter, in VI. a suspension culture was initiated 
from the transgenic plants that showed the highest expression 
level (clone P MOG249#l, . To this end, callus was induced on 
transgenic leaf disks by growing on MS medium, 3% sucrose 
(MS30), 2 0 mg/1 NAA, 0.1 mg/1 kinetine and 5Q mg/1 kanamycin/ 
after wh.ch the callus was transferred to liquid medium of the 
same compositibn. Afer one week in suspension, the medium was 
replaced with new MS30, now containing 0.5 mg/1 2,4-D This 
medium was refreshed every week till a homogeneous culture had 
been obtained. From the 7th week onwards the kanamycin selection 
was increased in steps of 25 mg/1 to 100 mg/1. 

IV Transformation of potato' 

For the transformation of potato, the binary vector system 
was used, developed for fMfrrlrrn as described 

above under III. Tuber-disks of the cultivar Desiree were 
cocul tl vated with the AgrohncfeHnm strains containing the 
Plasmids PM 0G236, pMOG249 or P MOG250, via the method described 
by Hoekema * , (19fl9 , . In ^ ?5 ^ 

aToZTt fr ° m Sh ° 0tS that had developed on selecti - 

(100 mg /i kanamycxn), viz. 51 plants with construct P MOG236, 12 
w,h PMOG249 and 12 with pMOG250. The transgenic plants were 
multxpned „ vitro, after which they were grown in pot soil 
into adult plants for analyses. 

V Detection of HSA-mRNA and HSA-protein 

of HSA^T"" POtat ° plantS W6re t6Sted f ° r the P»~nce 
of HSA-mRNA (Verwoerd * ^ , 1989) using Northern ^ ^ 

46 of the 51 P MOG236, 10 of the 12 pMOG250 and all pMOG249 
transgenic plants, HSA-mRNA was detected. 

The presence of HSA-protein was tested by separating the 

IT IITTJ raCti ° n ° n 7 - 5_15% SDS -P 0l ^crylamide gradient 
gels, followed- by Western blotting on nitrocellulose and 

immunodetection with goat-antiHSA (Sera-Lab, USA) followed by 
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rabbit-anti-goat peroxidase. The binding conditions during the 
incubation of nitrocellulose with antibodies were 10 mM NaPi, pH 
7.2, 150 mM NaCl, 1.25% Blotto, 0.2% Tween 20, 0.1% Triton X100, 
35°C. HSA was visualized with a peroxidase staining with 
5 o-dianisidine . Detectable amounts of HSA were found in 31 

pMOG236, 8 pMOG249 and 9 pMOG250 plants, namely in leafs, stems 
and tubers . 

VI Excretion of HSA by plant cells 

10 

After transformation, both synthesis and excretion of HSA 
by transgenic plants could be shown. It appeared, that each of 
the signal peptides used was capable of excreting HSA from the 
plant cell. Excretion could be shown in three ways: 

15 a) Following electroporation of tobacco protoplasts with the 
above mentioned vectors and subsequent transient expression of 
the introduced gene and signal sequence, HSA could be 
specifically detected in the culture medium after a culture 
period of 48 hours, using Western blotting. To th .s end, the 

20 medium was desalted on a PD10/G25 column and concentrated by 
f reeze-drying. . In extracts of transgenic tobacco protoplasts 
(after lysis of the pelleted protoplasts in 2x concentrated SDS- 
sample buffer) the HSA was below the detection level (< 1 ng 
HSA/25 \iq soluble protein) . 

25 b) In the medium of suspension cells of transgenic tobacco, 
HSA could be detected using Western blotting (2 ng/10 ng 
extracellular protein) . In extracts of pelleted suspension cells 
the HSA level was on the detection level of 1 ng HSA/25 ng 
soluble protein. 

30 c) Through analysis of the extracellular fluid in transgenic 
leaf material of potato plants. It appeared possible to extract 
extracellular fluid af\ ?r vacuum-filtration of leaf slices in 
5 mM Hepes, pH 6.3, 50 .nM NaCl, followed by slow centrif ugation 
(600 g) (Hendriks £jL al.# 1985). This fluid could be identified 

35 as such by determination of the specific activity of the marker 
enzymes glucose-6P dehydrogenase (cytoplasmatic) and peroxidase. 
According to the Western blotting analysis, it appeared that the 
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extracellular fluid contained approximately a 20x higher HSA- 
concentration (per mg prote in, than a total leaf extract. From 
leafs of transgenic tobacco plants with the construct P MOG285 
containing the HSA-gene without signal peptide, the 
5 extracellular fluid was extracted as described for potato 
Plants, in this fluid no HSA could be detected. 

VII • in vivo processing of HSA 

10 To investigate whether HSA was processed correctly during 

the transport through the plant cell, during which the 
corresponding signal peptide has to be cleaved off in front of 
the Asp-codon of mature HSA .fig.!,, various experiments were 
carried out. Since HSA has no enzymatic function, only physical 

15 properties could be analysed, whereby plant HSA could be 

compared with standard HSA ,the analysis procedures used are 
described in detail in vin - X ) : 

»> the molecular weight was compared using FPLC-gel filtration 
and SDS-PAGE (7.5-15% gradient gels) 

0 lhaL h erT?«r ern °" »<* «*« 

exchanger (0 -> 350 mM NaCI in 50 mM Tris pH 8.0) 

c) CNBr digestions of purified HSA ™„ 

SDS .„„ .. P"iriea HSA were analysed on 20-27% 

SDS-PAGE gradient 'gels after silver staining 

5 d ' TL in o 0 „i ei H d ^r 6 "" ° f PUr " led fr °™ t»»W-to Plants. 
The only deferences that could be found consisted of 

differences in the ..-terminal amino acid sequence, depending on 
the signal peptide used (see IX) »„h 

digestion pattern. ' * dlfferenCes in th. CNBr- 

VIII Purification- of HSA from transgenic potato plants 

From the clones with the highest expression, one from each 
construct (236#31, 249#10 and . 

were grown for the ext a t A ' ZTZT^ ^ 

l7 Plant material was homogenised Z Tj??, l^Z 

1 JPBS, with .... pvpp, o.l m PMSF , , m edtA at « e 
solubie fraation was freed from cell debris and incubated wi h 
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anti-HSA. coupled to 1.5 ml Reactigel HF-65 (Pierce Chemicals) 
and 0.5% Tween 80, during 4 he s. The HSA-anti-HSA-Reactigel 
complex was isolated by centrif ugation, transferred to a 2ml 
column and rinsed twice with 0.5% Tween 80 in PBS. Desorption of 
HSA was carried out by elution with 0.1 M glycine, pH 2.5, 10% 
dioxan, after which the buffer was quickly exchanged by 50 mM 
Tris, pH 8.0 using a PD10/G25 column (Pharmacia) . The eluate was 
directly filtered (0.22 nM) and transferred to a MonoQ column 
(HR5/5 Pharmacia) . By means of a linear gradient (0 to 350 mM 
NaCl in 50 mM Tris/HCl pH 8.0 in 20 minutes, 1 ml/min) HSA was 
for the most part purified from the aspecif ically bound protein 
components. The fractions that appeared to have a high 
concentration of HSA in a Western blot, were concentrated by 
freeze-drying and loaded on HR10/30 Superose 6 gel filtration 
column (Pharmacia) in PBS. The elution volume of HSA isolated 
from transgenic plants corresponded exactly with the elution 
volume of standard HSA, in both columns. The purity of the 
isolated HSA was confirmed with a silver-stained SDS-gel. 

IX N-terminal amino acid sequence of HSA from transgenic 
plants 

The HSA-peak of the Superose 6 gel filtratio;. column (VIII) 
was directly spotted on Immobilon PVDF membrane for amino acid 
5 sequence analysis using an Applied Biosystems 477A Protein 

Sequencer (Eurosequence B.V., Groningen) . Unexpectedly, only HSA 
from pMOG250 plants appeared to have been correctly processed; 
the amino acid sequence at the N-terminus of purified HSA was 
established as Asp-Ala-His-Lys-Ser-Glu. This sequence fully 
30 represents the N-terminal sequence of correctly processed HSA, 
present in human blood plasma (Lawn aJL., 1981) . 

The amino acid sequence of the N-terminus of HSA, purified 
from pMOG236 plants (i.e. the construct with the human signal 
peptide) demonstrated that the excreted HSA still contained a 
35 propeptide: Arg-Gly-Val-Phe-Arg-Arg . Only the prepeptide of 18 
amino acids had been cleaved off. In humans, the propeptide is 
cleaved off during a late phase of the excretion process, by 
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means of a serine protease (Brennan et al, 1984) . This class of 
proteinases is rare in plants (Ryan s Walker-Simmons, 1981) . 

HSA, purified from transgenic plants pMOG249, appeared 
chemically blocked for Edman-degradation at the N-terminus, 
possibly due to the presence of the Ala-residue (Persson sL al. , 
1985) which originates from the signal peptide construct that 
was used (cf . fig.l) . 

X Cyanogen bromide digestion of HSA from transgenic plants 

Purified HSA (VIII) on PVDF membrane was used as starting 
material for CNBr digestion. The desorption from the membrane 
was carried out with 50 mM Tris/HCl, pH9, 2% SDS, 2% Triton 
X100, followed by cold aceton precipitation. The dried pellet 
was resuspended in 10 ul 70% formic acid with 200 nmol CNBr/ug 
protein and incubated at room temperature during 24 hours . After 
dilution, the digest was freeze-dried and analysed on 20-27% 
SDS-PAGE according to Giuilan at al., (i 9 83) . In this experiment 
it appeared, that only the digest derived from HSA, isolated 
from transgenic pMOG236, showed a deviant pattern in comparison 
with the digest of the standard HSA. Very likely, this is a 
result of the presence of the propeptide preceding the HSA, as 
appeared from the amino acid sequence data (see IX) . 
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Claims 



1. A process for the production in a plant host of 
heterologous protein material which is to be excreted from the 
cells in which it is produced, by growing plants or plant cells 
that, by means of genetic manipulation, optionally of an 

5 ancestor, using a recombinant polynucleotide, have been provided 
with the genetic information which is required to allow the 
plant host to express the heterologous protein material and 
excrete it from the cells in which it is formed, the genetic 
information introduced into the host comprising an expression 
10 cassette that is functional in the host and contains at least a 
gene coding for the mature protein material, directly preceded 
by genetic information coding for a plant signal peptide that is 
functional in the host. 

2. A process according to claim 1, in which a protein material 
15 is produced that in its natural environment originates from a 

precursor which contains a signal peptide that provides for 
excretion from the cell and which itself is cleaved off, the 
genetic information introduced into the plant host comprising an 
expression cassette which is functional in the host and contains 

20 a gene construct ~ uprising a gene .ncoding the mature protein 
material and, directly preceding it, genetic information coding 
for a plant signal peptide that is functional in the host, 
instead of the genetic information coding for the natural signal 
peptide of the heterologous protein material. 

25 3. A process according to claim 1 or 2, in which the genetic 
information introduced into the plant host comprises an 
expression cassette that is functional in the host and contains 
a gene construct comprising a gene encoding the mature protein 
material and, directly preceding it, genetic information coding 

30 for a plant signal peptide that is functional in the host and is 
derived from the pathogenesis-related protein PROB12. 
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4/ A process according to any of the claims 1-3, in which a 
plant of a species that is suitable for the production of starch 
is used as said plant host. 

5. A process according to claim 4, in which a plant species, 
selected from the group consisting of potato, maize and cassava 
is used as said plant host. 

6. A process according to claim 5, in which a potato variety 
that is useful for industrial starch production is used as said 
Plant host, and its tubers are used both for the production of 
starch and for the production of the heterologous protein 
material. 

7. A process according to any of the claims 1-3, in which a 
suspension culture of plant cells is used as said plant host. 

8. A process according to claim 7, in which a suspension 
culture of plant cells of the plant species tobacco is used as 
said plant host. 

9. A process according to any of the claims 1-8, in which the 
protein material produced is an animal or human protein which 
requires one or more post-translational processing steps, among 
which at least an excretion from the cells in which the protein 
is produced in the form of a precursor which comprises a signal 
peptide preceding the mature protein, and a cleavage of this 
signal peptide. 

10. A process according to claim 9, in which the protein 
25 material produced is human serum albumine. 

U. A process for the production of human serum albumine by 
growing potato plants that, by means of genetic manipulation, 
optionally of an Ancestor, using a recombinant polynucleotide, 
have been provided with the genetic information required to 
allow expression and correct post-translational processing of 
the human serum albumine by the potato plants, the genetic 
information introduced into the potato comprising an expression 
cassette that is suitable for the potato and contains at least a 
gene encoding mature human serum albumine, directly preceded by 
genetic information coding for a plant signal peptide that is 
functional in the potato and is derived from the pathogenesis 
related protein PROB12, and isolating the human serum albumine 
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produced by the genetically manipulated potato plants from the 
potato tubers, 

12. A process for the production of human serum albumine by 
growing in suspension, cells of the plant species tobacco that, 

5 by means of genetic manipulation, optionally of an ancestor, 
using a recombinant polynucleotide, have been provided with the 
genetic information required to allow expression and correct 
post-translational processing of the human serum albumine by the 
suspended tobacco cells, the genetic information introduced into 

10 the tobacco comprising an expression cassette that is suitable 
for tobacco and contains at least a gene encoding mature human 
serum albumine, directly preceded by genetic information coding 
for a plant signal peptide that is functional in plants and is 
derived from the pathogenesis-related protein PROB12, and 

15 isolating the human serum albumine produced by the genetically 
manipulated suspended tobacco cells from the culture medium. 

13. Plants, plant parts and plant cells that, by means of 
genetic manipulation, optionally of an ancestor, using a 
recombinant polynucleotide, have been provided with the genetic 

20 information that is necessary to aT,low the plants, plant parts, 
or plant cells to express a heterologous protein material and 
excrete it from the cells in which it is formed, the genetic 
information introduced into the plant host comprising an 
expression cassette wh_ch contains at least a gene encoding the 

25 mature protein material, directly preceded by genetic 

information coding for a plant signal peptide that is functional 
in the host . 

14. Plants, plant parts and plant cells according to claim 13, 
capable of producing a heterologous protein material that, in 

30 its natural environment, originates from a precursor which 

comprises a signal peptide that provides for excretion from the 
cell and which itself is cleaved off, the genetic ^formation 
introduced into the plant host comprising an expression cassette 
which contains a gene construct comprising a gene encoding the 

35 mature protein material and, directly preceding it, genetic 

information coding for a plant signal peptide that is functional 
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in the host, instead of the genetic information coding for the 
natural signal peptide of the heterologous protein material. 
15. Plants, plant parts and plant cells according to claim 13 
or 14, in which the genetic information introduced into the 
5 plant host comprises an expression cassette containing a gene 
construct which comprises a gene encoding the mature protein 
material and, directly preceding it, genetic information coding 
for a plant signal peptide that is functional in the host and is 
derived from the pathogenesis-related protein PROB12. 
10 16. Plants, plant parts and plant cells according to any of the 
claims 13-15, selected from a group of plant species that are 
suitable for the production of starch. 

17. Plants, plant parts and plant cells according to claim 16, 
selected from the group of plant species consisting of potato, 
15 maize and cassava. 
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Plants, plant parts and plant cells according to claim 17, 
selected from a group consisting of potato varieties that are 
suitable for industrial production of starch. 

19. Plants, plant parts and plant cells according "to any of the 
claims 13-15, being a species that is suitable for culturing in 

suspension. 

20. Plants, plant parts and plant cells according to claim 19, 
selected from the group consisting of wirm-^n, species. 

21. Plants, plant parts and plant cells according to any of the 
claims 13-20, in which the heterologous protein material is an 
animal or human protein which requires one or more post- 
translational processing steps, among which at least an 
excretion from the cells in which it is produced in the form of 
a precursor which comprises a signal peptide directly preceding 
the mature protein, and a cleavage of this, signal peptide. 

22. Plants, plant parts and plant cells according to claim 21 
xn which the heterologous protein material is human serum 
albumine . 

23. Potato plants, as well as parts and cells thereof, suitable 
for the production of human serum albumine due to the fact that 
they have been provided, by means of genetic manipulation, • 
optionally of an ancestor, using a recombinant polynucleotide, 
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with the .genetic information that is necessary to allow the 
plants, plant parts, or plant cells to express and correctly 
process the human serum albumine, the genetic information 
introduced into the potato comprising an expression cassette 
5 containing at least a gene encoding mature human serum albumine, 
directly preceded by genetic information cooing for a plant 
signal peptide that is functional in the potato and is derived 
from the pathogenesis-related protein PR0B12. 

24. Tobacco plants, as well as parts and cells ther f, 

10 suitable for the production of human serum albumine due to the 
fact that they have been provided, by meanr of genetic 
manipulation, optionally of an ancestor, us^ng a recombinant 
polynucleotide, with the genetic information that is necessary 
to allow expression and correct post-translational processing of 

15 the human serum albumine by the plants, plant parts, or plant 
cells, the genetic information introduced into the tobacco 
comprising an expression cassette that is suitable for tobacco 
and contains at least a gene encoding mature human serum 
albumine, directly preceded by genetic information coding for a 

20 plant signal peptide which is functional in the host and is 
derived from the pathogenesis-related protein PROB12. 

25. Protein material, obtained by means of a process according 
to any of the claims 1-12 and/or obtained from plants, plant 
parts or plant cells according to any of the claims 13-24 . 

25 26. Human serum albumine, obtained by means of a process 

according to any of the claims 1-12 and/or obtained from plants, 
plant parts or plant cells according to any of the claims 13-24. 

27. Recombinant polynucleotide, comprising a gene encoding an 
animal or human protein in its mature form, as well as, directly ' 

30 preceding the gene, genetic information encoding a plant signal 
peptide. 

28. Recombinant polynucleotide according to claim 27, in which 
the genetic information, cding for the plant signal peptide, is 
genetic information coding for the plant signal peptide derived 

35 from the pathogenesis-related protein PROB12. 
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29. A recombinant polynucleotide according to claim 27 or 28, 
in which the gene coding for an animal or human protein in its 
mature form, is a gene encoding mature human serum albumine. 

30. A recombinant polynucleotide according to any of the claims 
27-29, in which the gene encoding an animal or human protein in 
its mature form, and the genetic information directly preceding 
it and coding for a plant signal peptide, are incorporated in an 
expression cassette that is suitable for the host. 

31. A recombinant polynucleotide according to claim 30, in 
which the expression cassette that is suitable for the host, is 
an expression cassette that is suitable for potato, maize, 
cassava, or tobacco. 

32. A recombinant polynucleotide according to any of the claims 
27-31, in which the polynucleotide consists of DNA. 

15 33. A recombinant DNA according to claim 32, comprising a 

vector plasmid and an expression cassette inserted therein, said 
expression cassette comprising a gene encoding an animal or 
human protein in its mature form, and, directly preceding it, 
genetic information coding for a plant signal peptide. 
34. A recombinant DNA according to claim 33, in which the 
vector plasmid is a vector that is suitable for cloning in a 
bacterial host. 



35. A recombinant DNA according to claim 33, in which the 
vector plasmid iVa vector that is suitable for the host. 
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